





































et	al.,	1995):	 (i)	via	precursor	compounds	such	as	pentachlorophenol,	which	has	been	widely	used	as	a	preservative	 in	wood,	and	(ii)	 the	novo	mechanism,	which	consists	of	 the	combination	of	carbon,	oxygen	and	chlorine	at	 low	 temperatures
(between	200	and	400	°C)	and	catalyzed	by	a	metal,	mainly	Cu.
The	presence	of	chlorine	in	wood	increases	the	PCDD/F	formation,	due	to	either	salt-laden	wood	or	organochlorinated	additives,	such	as	pentachlorophenol	(Altwicker	et	al.,	1990;	Preto	et	al.,	2005;	Thuβ	et	al.,	1997;	Yasuhara	et	al.,	2003).





























NCV,	MJ/kg	(d.b.) 15.8	±	0.1 19.5	±	0.5 24.2
Ash	content,	wt%	(d.b.) 1.8	±	0.1 0.3	±	0.1 5.5
C,	wt%	(d.b.) 47.9	±	0.03 52.7	±	0.1 57.8
H,	wt%	(d.b.) 6.0	±	0.1 6.2	±	0.1 7.4
N,	wt%	(d.b.) 2.86	±	0.58 <0.01 5.95
O,	wt%	(d.b.) 41.4	±	0.6 40.8	±	0.1 23.4
Others	elements,	mg/kg	(d.b.)
ICP	analysis XRF	analysis
S 540	±	130 70	±	50 130
Cl 630	±	70 160	±	80 390
Al 480	±	10 30	±	20 80
Ca 1590	±	240 260	±	50 >20,000
Fe 280	±	30 25	±	4 250
Mg 320	±	80 100	±	30 100
P 100	±	20 20	±	10 20
K 400	±	150 160	±	90 n.d.
Si 2150	±	140 109	±	3 1050
Na 300	±	120 20	±	10 270
Ti 1600	±	200 2.1	±	0.8 n.d.
As 0.4	±	0.03 0.011	±	0.004 n.d.
Cd 1.0	±	0.1 0.1	±	0.02 n.d.
Co 1.1	±	0.1 0.051	±	0.004 n.d.
Cr 6.7	±	1.4 2.0	±	1.3 n.d.
Cu 6.4	±	0.7 1.4	±	1.4 n.d.
Hg 0.03	±	0.04 0.006	±	0.003 n.d.
Mn 40.0	±	3.6 46.8	±	7.1 n.d.
Mo 0.34	±	0.03 0.02	±	0.02 n.d.
Ni 1.2	±	0.3 0.04	±	0.07 n.d.
Pb 6.3	±	3.6 0.04	±	0.06 n.d.
Sb 2.0	±	0.4 0.01	±	0.01 n.d.
V 0.85	±	0.04 0.052	±	0.002 n.d.
Zn 69.4	±	2.0 7.7	±	0.9 n.d.


















MONO- 2.6	±	1.4 nd nd
DI- 15.5	±	5.8 0.8 0.6
TRI- 11.1	±	4.5 0.1 0.1
TETRA- 58.3	±	25.6 0.6 0.4
PENTA- 524.4	±	211.1 5.9 0.1
Total 611.9	±	248.4 7.4 1.0
PAHs	(μg/kg	dry	basis)
Naphthalene 84	±	13 nd nd
Acenaphthylene nd nd nd
Acenaphthene 11	±	2 nd nd
Fluorene 14	±	2 nd nd
Phenanthrene 118	±	1 11 nd
Anthracene 16	±	4 nd nd
Fluoranthene 121	±	3 8 nd
Pyrene 173	±	17 nd nd
Benzo(a)anthracene 66	±	42 nd nd
Chrysene 47	±	7 nd nd
Benzo(b)fluoranthene 13	±	19 nd nd
Benzo(k)fluoranthene 19	±	1 nd nd
Benzo(a)pyrene nd nd nd
Indeno(1,2,3-cd)pyrene nd nd nd
Dibenz(a,h)anthracene nd nd nd
Benzo(g,h,i)perylene nd nd nd
Total 645 19 nd
Other	organic	compounds	(μg/kg	dry	basis)
Pyridine,	2-methyl 301	±	206 nd nd
Ethylbenzene 159	±	193 23 nd
Xylenes 82	±	76 17 nd
Cymene 755	±	138 901 151
Phenol 740	±	156 nd nd
Cresol 309	±	25 202 65


































Nm3	dry	gas/kg	burnt 41 37 24
Residence	time	(s) ∼3.5 ∼3.5 ∼3.6
Furnace	temperature	(°C) 420–780 320–740 450–750
Carbon	oxides
CO2	(g/kg	sample	burned) 1650	±	530 1663	±	832 1649	±	768
CO	(g/kg	sample	burnt) 42	±	12 46	±	19 40	±	15
Ratio	CO/(CO2	+	CO) 0.025	±	0.014 0.035	±	0.023 0.030	±	0.018
Oxygen	(%	vol.)
O2 19.0	±	0.6 18.6	±	1.2 17.6	±	1.7
Nitrogen	oxides	(g/kg	sample	burnt)
NO 1.77	±	0.45 2.42	±	0.91 4.43	±	2.22
NO2 <0.05 <0.05 <0.05
Volatiles	(mg/kg	sample	burnt)
Methane 6030 1750 330
Ethane 820 160 30
Ethene 1890 350 220
Propane nd 20 30
Propene 480 190 340
Ethyne 560 60 50
Propyne 90 90 230
Toluene 14,130 14,050 1620
Total	volatiles	(mg/kg	sample) 24,000 16,670 2850
nd:	value	less	than	LOD	∼	10	mg/kg
16	priority	PAHs	(mg/kg	sample)
Naphthalene 19.8 39.2 2.8
Acenaphthylene 6.4 11.7 1.5
Acenaphthene 0.4 0.7 0.1
Fluorene 1.4 2.9 0.5
Phenanthrene 3.4 8.1 1.3
Anthracene 0.8 1.0 0.3
Fluoranthene 1.2 2.4 0.3
Pyrene 1.4 2.0 0.3
Benzo[a]anthracene 0.5 0.5 0.1
Chrysene 0.3 0.6 0.1
Benzo[b]fluoranthene 0.2 0.4 0.1
Benzo[k]fluoranthene 0.2 0.4 0.1
Benzo[a]pyrene 0.2 0.3 nd
Indeno[1,2,3-cd]pyrene 0.1 0.2 nd
Dibenz[a,h]anthracene nd nd nd
Benzo[g,h,i]perylene 0.1 0.2 nd
Total	PAHs 36 71 8











































Residence	time	(s) ∼3.5 ∼3.5 ∼3.6 ∼3.5 ∼3.5
Furnace	temperature	(°C) 420–780 320–740 450–750 850 850
Ratio	CO/(CO2	+	CO) 0.025 0.035 0.030 0.070 0.075
PCDD/Fs	and	dioxin-like	PCBs	(ng	kg−1)
2378-TCDF 3.2 0.3 90 2.0 41 0.1 15.5	±	4.3 0.2 1.5 0.1
12378-PeCDF 2.2 0.4 42 0.9 15 0.1 10.7	±	2.2 1.0 1.4 0.7
23478-PeCDF 3.7 0.4 89 1.4 26 0.1 12.5	±	1.1 0.9 1.4 0.6
123478-HxCDF 3.3 0.8 30 0.6 16 0.1 5.8	±	1.1 1.1 1.1 0.7
123678-HxCDF 2.8 0.5 28 0.6 13 0.2 7.5	±	1.7 1.0 0.9 0.7
234678-HxCDF 3.3 0.8 53 0.9 23 nd 11.5	±	7.9 1.9 1.8 1.3
123789-HxCDF 2.0 0.8 6.7 0.2 4.2 0.1 3.4	±	4.6 1.2 0.5 0.8
1234678-HpCDF 11.5 2.5 103 1.5 41 0.4 12.2	±	10.4 4.0 1.1 2.7
1234789-HpCDF 8.0 0.9 8.2 0.6 4.9 0.2 3.5	±	2.3 1.9 nd 1.3
OCDF 29 2.9 30 0.5 20 0.1 8.7	±	8.8 3.3 2.2 2.5
2378-TCDD 3.2 0.8 3.1 0.5 1.5 nd 3.9	±	1.8 0.5 0.3 0.3
12378-PeCDD 12.4 0.5 10.3 0.5 4.6 0.3 5.6	±	1.1 0.9 0.3 0.6
123478-HxCDD 11.6 0.4 11.4 0.6 3.5 nd 1.3	±	0.5 0.7 1.0 0.5
123678-HxCDD 33 0.9 20 0.6 8.1 0.5 3.7	±	2.6 0.5 nd 0.4
123789-HxCDD 30 0.8 15 0.8 8.1 0.3 3.4	±	1.8 0.9 2.2 0.6
1234678-HpCDD 655 4.2 233 0.9 131 0.6 3.4	±	1.8 1.8 2.1 1.2
OCDD 2335 11.4 530 180 533 0.8 7.2	±	9.3 2.9 5.2 2.0
Total	WHO-TEQ	PCDD/Fs 33 2.1 70 2 28 0.5 19.0	±	2.9 2.5 2.0 1.7
PCB-81 3.0 0.2 72 0.7 18 nd 9.1	±	7.4 nd nd nd
PCB-77 11.0 0.8 505 9.9 83 1.5 73	±	69 4.3 4.6 2.9
PCB-123 7.7 0.3 487 4.7 120 0.4 25	±	30 1.5 2.1 1.0
PCB-118 63.6 2.2 4738 47 1276 5.9 101	±	114 16.0 25.7 10.8
PCB-114 1.6 0.3 193 2.3 34 0.1 2.4	±	3.3 0.5 nd nd
PCB-105 25.9 1.2 2637 21 559 2.0 38	±	40 7.2 10.3 4.9
PCB-126 2.2 0.3 36 1.6 14 0.4 14.4	±	9.1 0.5 2.9 0.4
PCB-167 11.4 0.1 276 1.9 91 0.2 6.9	±	5.6 1.1 0.1 0.1
PCB-156 11.2 0.4 442 4.0 159 0.4 11.7	±	4.3 2.5 2.7 1.7
PCB-157 1.1 0.1 77 0.9 38 nd 7.2	±	5.2 0.7 0.5 0.5
PCB-169 1.4 nd 7.4 0.2 4.5 nd 23	±	37 0.6 4.6 0.4
PCB-189 2.9 nd 66 0.3 18 0.2 3.7	±	3.3 0.6 1.4 0.4
Total	WHO-TEQ	PCBs 0.3 0.03 4.2 0.1 1.6 0.05 2.2	±	0.9 0.07 0.4 0.05
Total	WHO-TEQ
(PCDD/Fs	+	PCBs)



























Furniture	wood	waste 0.07 19 Present	work





Pine	needles 0.11 49 Moltó	et	al.	(2010)
Pine	cones 0.13 30
Residential	stove
Furniture	waste 0.03	–	0.04 30–70 Present	work







Furniture	wood	waste	(I)	(n	=	2)a Blank	(I) Furniture	wood	waste	(II)	(n	=	2)a Blank	(II) Briquettes	of	furniture	wood	and	10	wt.%	of	foam	(n	=	2)a Blank	(III)
Ratio	CO/(CO2	+	CO) 0.025 0.035 0.030
2378-TCDF 10.0	±	2.1 nd 58.2	±	9.2 nd 35.2	±	2.9 nd
12378-PeCDF 5.6	±	0.9 0.2 53.5	±	6.5 0.1 26.9	±	2.5 0.2
23478-PeCDF 7.3	±	0.6 0.1 71.5	±	0.1 0.1 36.9	±	2.7 0.1
123478-HxCDF 4.2	±	0.6 0.2 56.4	±	3.1 0.1 24.9	±	1.8 0.1
123678-HxCDF 4.1	±	0.5 0.2 59.3	±	4.5 0.1 26.1	±	0.9 0.2
234678-HxCDF 7.4	±	0.8 0.3 86.2	±	5.2 0.2 41.7	±	4.9 0.2
123789-HxCDF 1.2	±	0.8 0.3 19.3	±	1.1 0.2 8.4	±	0.1 0.3
1234678-HpCDF 18.1	±	1.6 0.7 175	±	29 0.5 100	±	14 0.6
1234789-HpCDF 1.6	±	0.02 0.2 17.0	±	1.5 0.2 6.5	±	0.5 0.2
OCDF 3.4	±	1.1 0.7 50.7	±	3.3 0.5 16.7	±	1.8 0.6
2378-TCDD 0.4	±	0.1 0.1 2.7	±	0.2 0.1 1.2	±	0.1 0.1
12378-PeCDD 2.1	±	0.5 0.2 11.3	±	1.3 0.1 4.7	±	0.6 0.2
123478-HxCDD 1.1	±	0.1 0.1 5.2	±	0.5 0.1 2.1	±	0.3 0.1
123678-HxCDD 5.9	±	0.02 0.3 8.6	±	2.0 0.2 4.2	±	0.7 0.2
123789-HxCDD 4.0	±	0.5 0.3 7.3	±	0.7 0.2 3.7	±	0.5 0.2
1234678-HpCDD 32.8	±	1.3 0.4 57.2	±	13.8 0.3 32	±	6 0.4
OCDD 111	±	5 0.7 79.5	±	6.9 0.5 64	±	10 0.6
Total	WHO-TEQ	PCDD/Fs 9.2	±	0.3 0.5 70	±	3 0.3 33.9	±	0.2 0.4
PCB-81 2.4	±	0.2 nd 37	±	0.1 nd 22.3	±	2.6 nd
PCB-77 22.1	±	4 0.7 181	±	7 0.5 85.0	±	3.2 0.6
PCB-123 2.7	±	0.7 0.3 232	±	47 0.2 109	±	17 0.3
PCB-118 13.6	±	2.8 3.1 2599	±	571 2.1 1213	±	149 2.6
PCB-114 0.4	±	0.3 nd 71	±	16 nd 34	±	5 0.1
PCB-105 8.2	±	2.1 1.3 1277	±	298 0.9 541	±	67 1.1
PCB-126 5.8	±	1.1 0.3 80	±	4 0.2 28.8	±	1.9 0.2
PCB-167 3.2	±	1.6 0.2 112	±	25 0.1 47.0	±	7.7 0.2
PCB-156 15.9	±	18.1 0.2 282	±	62 0.2 97.5	±	12.5 0.2
PCB-157 12.0	±	15.3 nd 86	±	17 nd 31.8	±	5.7 nd
PCB-169 1.5	±	0.2 nd 19	±	1 nd 7.8	±	1.8 nd
PCB-189 1.4	±	0.1 0.6 27	±	3 0.4 10.3	±	2.1 0.5
Total	WHO-TEQ	PCBs 0.6	±	0.1 0.03 9	±	0.5 0.02 3	±	0.3 0.02





























obtained	 is	not	 too	high	 in	comparison	with	 those	obtained	 in	combustions	of	other	wastes.	The	 total	equivalent	 toxicity	obtained	were:	21.1	ng	WHO-TEQ/kg	sample	 for	combustion	of	 furniture	wood	waste	and	2.5	ng	WHO-TEQ/kg	sample	 for
combustion	of	solid	wood.
Results	can	be	helpful	for	practice	because	the	PCDD/F	formation	in	the	combustion	of	furniture	waste	is	not	very	high	in	comparison	with	combustion	of	other	wastes.	The	combustion	of	briquettes	of	furniture	wood	waste	with	10	wt.%	of
polyurethane	foam	also	shows	a	favourable	result	because:	on	one	hand,	emissions	of	VOCs,	PAHs	and	semivolatile	compounds	decrease,	and	on	the	other	hand,	PCDD/F	emissions	do	not	increase,	even	it	can	be	considered	that	they	decrease
slightly.	Nevertheless,	the	NOx	emission	should	be	carefully	controlled.	Consequently,	furniture	waste	would	not	be	adequate	for	combustion	in	residential	stoves,	but	energy	recovery	of	this	waste	can	be	carried	out	in	large	industrial	combustors
without	special	problems	due	to	the	volatiles	evolved.
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Highlights
• Co-combustion	with	polyurethane	foam	can	be	carried	out	without	toxic	risk.
• More	than	150	semi-volatile	compounds,	PCDD/Fs	and	dl-PCBs	evolved	have	been	quantified.
• PCDD/F	+	PCB	emissions	are	low	(29–74	ng	WHO-TEQ/kg)	in	comparison	with	biomass	combustions.
